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ABSTRACT 
ORIENTATION OF VERNAL POOL AMPHIBIANS IN AN 
INDUSTRIAL FOREST LANDSCAPE 
By 
Emma F. Carcagno 
University of New Hampshire, May, 2009 
Understanding the movement patterns of vernal pool amphibians is a critical 
aspect of effective conservation and land management. I used clearcutting to manipulate 
buffer widths at 11 vernal pools within an industrial forest landscape located in Maine. 
Forested buffers were either 30m or 100m wide, surrounded by 100m wide clearcut. 
Each pool was encircled with a drift fence and pitfall traps. I captured wood frogs 
(Lithobates sylvaticus) and spotted salamanders {Ambystoma maculatum) as they entered 
and exited pools and documented orientation across three years. Orientation at all pools 
for both species was non-uniform, differed among pools, between species, and was 
inconsistent among years. My results suggest that amphibian movement patterns are 
spatially and temporally complex, and that identifying 'corridors' of amphibian 
movement for protection is an ineffective approach to managing upland habitats 
surrounding these pools. A better understanding of how amphibians move through and 
use upland habitat along and a broader habitat management approach are necessary to the 




Amphibians have increasingly become the focus of concern as a result of 
worldwide population declines (Wake 1991; Blaustein et al. 1994; Semlitsch 2000). 
Local habitat destruction through anthropogenic land-use is a primary factor in many 
declines (Semlitsch 2000; Semlitsch 2003; deMaynatier and Hunter 1998; Collins and 
Storfer 2003). Conserva ion along with careful management of anthropogenically-
modified habitats at both local population and landscape levels is critical to maintaining 
viable populations and regional diversity (Semlitsch 2003). Our knowledge of the 
terrestrial ecology of amphibians and amphibian responses to anthropogenic land use is 
limited (Chazal and Niewiarowski 1998; deMaynadier and Hunter 1998; Semlitsch 
2003). In order to develop better management and conservation strategies, it is crucial to 
gain a better understanding of the effects of anthropogenic land use change on 
amphibians. 
Vernal Pools and Amphibians 
Vernal pools are small, isolated wetlands common throughout the forests of 
northeastern North America. These pools have widely varying hydroperiods; many dry 
annually while others dry only every few years. Vernal pools provide breeding habitat 
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for large numbers of amphibians and invertebrates that are adapted to seasonal drawdown 
(Colburn 2004). These periods of diyness preclude the presence of established fish 
populations and reduce breeding populations of predatory and competing amphibians 
(Rana catesbeiana, Rana clamitans) (Calhoun et al. 2003; Colburn 2004). Vernal pools 
are particularly important as they provide breeding habitat for amphibians such as mole 
salamanders (Ambystomatidae) and the wood frog {Lithobates sylvaticus) that breed 
almost exclusively in small, isolated wetlands lacking fish populations. The pools also 
support breeding populations of other amphibians (i.e. Bufo americanus, Notophthalmus 
viridescens, Pseudacris crucifer, Hyla versicolor), although these amphibians also breed 
successfully in other types of wetlands and in permanent waters (Colburn 2004, Babbitt 
et al. 2003). 
Vernal pools are critical in maintaining regional biodiversity by supporting an 
abundance and diversity of amphibian and invertebrate species (Gibbs 1993; Semlitsch 
and Bodie 1998). Amphibians play a crucial role in food web dynamics, consuming 
small invertebrates often not available to other vertebrate groups. These species also 
comprise a large amount of protein biomass that is an important prey source for many 
larger vertebrates (e.g. snakes, birds, mammals) (Semlitsch 2003). Vernal pool-breeding 
amphibians also serve as one of the few nutrient vectors connecting aquatic and terrestrial 
environments in New England forests (Russell et al. 2002, Semlitsch 2003). 
Because vernal pools are relatively isolated and often occur in discrete patches 
within a matrix of upland habitat, vernal pool amphibian dynamics can resemble classical 
metapopulation models (Marsh and Trenham 2001, Zamudio and Wieczorek 2007). It is, 
however, important to consider that the applicability of metapopulations dynamics to 
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amphibian species depends greatly on the presumption that amphibians have limited 
ability to disperse long distances (Smith and Green 2005). Three main factors influence 
amphibian metapopulation dynamics; the number or density of individuals dispersing 
among ponds, the density and distribution of wetlands in the landscape, and the 
probability of successfully reaching ponds (Hanski and Gilpin 1991, Semlitsch 2003). 
Ecological connectance is critical to maintaining amphibian metapopulations (Semlitsch 
2003). Therefore, unfragmented terrestrial habitat may be critically important to the 
conservation of amphibian populations (Marsh and Trenham 2001). 
Terrestrial Habitat Requirements 
Vernal pool-breeding amphibians exhibit a biphasic life-history, breeding and 
laying eggs in wetlands during a short breeding season, lasting only a few days or weeks. 
After breeding, these amphibians emigrate away from their breeding sites towards 
terrestrial habitats to forage and over-winter (Madison 1997, Semlitsch and Bodie 2003, 
Duellman and Trueb 1986). The quality of upland habitat affects both species richness 
and abundance of amphibians. Herrmann et al. (2005) found that wetlands in New 
Hampshire containing less than 40% forest within a 1000m radius have decreased species 
richness and densities. Other studies have also shown amphibian preference for closed 
canopy forest (Demaynadier and Hunter 1998, Rothermel and Semlitsch 2002, Walston 
2008). As such, it is clear that terrestrial habitats play a key role in maintaining the 
overall health and biodiversity of amphibian populations in vernal pool ecosystems 
(Gibbons 2003, Marsh and Trenham 2001, Semlitsch and Bodie 2003). 
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Despite our understanding of the importance of terrestrial habitats to venial pool-
breeding amphibians, there exists a large gap in knowledge about how these habitats are 
utilized by amphibians (Regosin et al 2003, Semlitsch 1998). Most surveys and studies 
of vernal pool-breeding amphibians are concentrated around the vernal pools where they 
breed, rather than in terrestrial habitats where detection can be extremely difficult 
(Semlitsch and Bodie 2003). Similarly, current state and federal regulations and 
conservation strategies aim to protect only the wetland itself or arbitrarily defined 
portions of terrestrial habitat, if any (Semlitsch 1998, Semlitsch and Bodie 2003, 
Herrmann et al. 2005). Herrmann et al. (2005) suggest that, rather than conservation 
strategies that focus solely on the protection of upland habitats immediately surrounding 
vernal pools, it may be more valuable to focus on protecting a proportion of suitable 
upland habitat within a larger area. 
Effects of Timber Harvesting 
Managers of forest resources are faced with the difficult task of accommodating 
multiple demands of conserving biodiversity and protecting nutrient cycling and water 
quality, while maximizing forest productivity (Chazal and Niewiarowski 1998). Timber 
harvesting can have both direct and indirect negative impacts on vernal-pool-breeding 
amphibian populations (deMaynadier and Hunter 1998; Petranka et al. 1993; Chazal and 
Niewiarski 1998; Semlitsch 2003). Because amphibians are ectotherms and have a semi-
permeable skin, they are more susceptible to extreme temperatures and dryness, which 
can lead to desiccation (Duellman and Trueb 1986). A tall, multi-layered forest canopy 
can help to buffer wind and temperature (Welsh and Droege 2001). Clearcutting 
4 
effectively removes this protective buffer and has a significant effect on the quality of 
terrestrial habitat for amphibians by eliminating shade, reducing leaf litter, increasing 
soil-surface temperatures, increasing temperature extremes, and reducing soil-surface 
moisture (Petranka et al. 1993). Altering terrestrial habitat through timber harvest may 
also critically affect the metapopulation dynamics of amphibian populations, by impeding 
amphibian dispersal among ponds and therefore increasing the probability of local 
population declines and extinctions (Semlitsch 2003; Hanski and Gilpin 1991). 
Buffer Zones: Current Management Strategies and Regulation 
Current regulation for developing around vernal pools is minimal. The upland 
habitats immediately surrounding vernal pools (or buffer zones) are protected through 
best management practices (BMPs). In most states, these BMPs are recommendations 
that offer no legal protection for these habitats. In New England, BMPs recommend 
buffer zones ranging from 0-30.5m, varying from state to state (CT 2005; MA 2005; ME 
2002; NH 2008; VT 2002). 
Semlistch (1998, 2003) suggests that buffers of 15-30m are inadequate for 
amphibians, and found that core terrestrial habitat defined by biological criteria ranges 
from a mean minimum of 205m to a mean maximum of 368m for anurans, and a mean 
minimum of 117m to a mean maximum of 218m for urodeles. Clearly, vernal pool 
amphibian species are utilizing, and potentially relying, on terrestrial habitats well 
outside the area protected by current regulations. 
Orientation of Amphibian Movements 
Increasing our knowledge of amphibian movement patterns has the potential to 
strengthen amphibian conservation strategies, but large gaps in our knowledge of these 
movement patterns exist (Vasconcelos and Calhoun 2004; Semlitsch 1998). Several 
studies have documented non-uniform directionality by amphibians as they approach and 
depart from vernal pools (Shoop 1965; Guttman et al. 1991; Rothermel and Semlitsch 
2001; Rothermel 2004; Vasconcelos 2004). There are several theories on how and why 
amphibians exhibit non-uniform directionality. Some studies have shown that the 
directions in which amphibians immigrate to and emigrate from breeding wetlands is 
associated with quality of habitat, implying that amphibians may have the ability to detect 
and avoid unfavorable habitat or orient towards favorable habitats (Rothermel and 
Semlitsch 2001). Vasconcelos and Calhoun (2004) found that both adult and juvenile 
Lilhobates sylvaticus and Ambystoma maculatum migrated out of vernal pools 
preferentially towards closed-canopy forest and away from open fields, or wet meadows. 
Amphibians also possess physiological mechanisms that are used in orientation. 
These mechanisms include the use of olfactory cues, sun-compass orientation, magnetic 
compass orientation, and the use of plane-polarized light for spatial orientation. 
Experimental evidence suggests that both anurans and urodeles exhibit sensitivity to the 
Earth's magnetic field and can use a light-dependent magnetic compass mediated by 
extraocular photoreceptors located in or near the pineal gland to direct both daily and 
seasonal migrations (Duetschlander et al. 2000, Phillips et al. 2001, Phillips et al. 2002, 
Diego-Rasilla et al. 2005, Freake and Phillips 2005). Taylor and Adler (1973) 
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determined that tiger salamanders (Ambystoma tigrinum) can perceive the plane of 
polarization in linearly polarized light and can learn to use that for spatial orientation. 
Further documentation of amphibian terrestrial movement to and from breeding 
pools will provide information on the quality and extent of terrestrial habitat used by 
different species of pool-breeding amphibians (Vasconcelos and Calhoun 2004). This 
information will help develop more effective strategies for conserving upland habitat in 
order to maintain populations of vernal-pool breeding amphibians. For example, if 
amphibians have nonrandom movements in and out of vernal pools, terrestrial buffers 
may need both a distance and directional component in order to be effective (Dodd and 
Cade 1998). 
I used data collected from drift fence/pitfall trap arrays encircling vernal pools 
with experimentally manipulated forest buffer widths to determine whether: 1) adult 
amphibians exhibit non-uniform orientation as they immigrate to and emigrate from 
vernal pools during the breeding season; 2) newly metamorphosed amphibians exhibit 
non-uniform orientation as they emigrate away from vernal pools post-emergence; 3) the 
direction of orientation varies among years, or between species; and, 4) buffer size effects 
orientation. In achieving these objectives, I hoped to determine whether the use of 
terrestrial corridors instead of or in addition to the use of buffer zones would serve as a 
more effective management strategy. 
1 hypothesized that adult wood frogs and spotted salamanders would exhibit non-
uniform orientation as they immigrated to and emigrated from vernal pools. I also 
expected that metamorph wood frogs and spotted salamanders would exhibit non-uniform 
orientation post-emergence. I predicted that directionality would be consistent among 
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years, but not necessarily across wetlands. My 11 study sites are far enough apart to be 
independent from one another, such that amphibians at each wetland would be 
responding to different features within the local landscape. I predicted that amphibians 
leaving vernal pools with smaller buffers would have increased directionality, as the 





This study took place on land owned and managed by International Paper in 
Hancock and Washington Counties in eastern Maine. This region has a high abundance 
of vernal pools. The forests are mixed-hemlock (Tsuga canadensis)-hardwood (Feigns 
grandifolia, Acer saccharum, Belula alleghaniensis) in lower elevations with increasing 
domination by balsam fir {Abies balsamea) and red spruce (Picea rubens) at higher 
elevations and along riparian areas. Twelve vernal pools were selected for this study. 
The selection of study sites were based on several criteria. First, the selected vernal pools 
were initially (pre-treatment) surrounded by relatively undisturbed forest, uncut for more 
than 60 years within a 1,000m radius around the pool. Also, the pools were all of similar 
size, about 0.2 ha, which is typical of vernal pools within the region (Gibbs 1993). To 
ensure that the vernal pools were Ashless, but held water long enough for the 
development of frog and salamander larvae, the hydroperiods of the selected pools were 
at least 5-6 months (post ice-out) during the study site selection year. After the first year 
one of the vernal pools was deemed unsuitable due to an undetected inlet and was 
removed from the study (n= 11). 
Between September 2003 and March 2004, International Paper created buffer 
zones by clear cutting forest around selected vernal pools. Each pool was randomly 
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assigned to one of three possible treatments (Figure 1), a buffer of >1,000m (no clearcut), 
which serves as a reference (n=3), a 30m buffer (n=4), or 100m buffer (n=4). The 
clearcuts were 100m wide surrounding the buffer. The buffer widths were chosen based 
on current best management practices (BMPs) and current literature. Many state BMPs 
recommend a 30m buffer zone for vernal pools, and both Semlitsch (1998) and Trenham 
(2001) recommend buffer zones close to 100m for the protection of vernal pool 
salamanders. 
\.inil P. I Clev in 
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Figure 1. Experimental design; for buffer treatments either 30 or 100 meters of forest 
was left around the wetland, surrounded by a 100-meter-wide concentric clearcut. No 
cutting occurred at reference wetlands. 
Study Organisms 
Vernal pools provide critical breeding habitat for several amphibian species. At 
my study sites, these amphibian species included spotted salamanders {Ambysloma 
maculatum), blue-spotted salamanders (Ambystoma laterale), and wood frogs (Lithobates 




vernal pool-breeding amphibian species including bull frogs (Rana catesbiana), green 
frogs (Rana clamitans), pickerel frogs (Rana palustris), spring peepers (Pseudacris 
crucifer), eastern red-spotted newts (Notophthalmus viridescens), and American toads 
(Bufo americanus). For this study, 1 focused on spotted salamanders and wood frogs, as 
these were the two most abundant vernal pool-breeding species at my study sites. 
Spotted salamanders migrate to vernal pools early in the spring, and breeding lasts 
anywhere from a couple of weeks to a month, depending on local conditions (Colburn 
2004, Hunter et al. 1999). Eggs hatch after approximately one month, though as with 
most amphibian species, egg development is strongly dependent on temperature (negative 
correlation between developmental time and temperature) (Duellman and Trueb 1986). 
Metamorphs emerge in mid- to late summer. After breeding, adults return to terrestrial 
habitat. Spotted salamanders are generally fossorial, relying heavily on rodent tunnels for 
habitat (Faccio 2003). . 
Wood frogs in Maine begin breeding in early April (Hunter et al. 1999). Breeding 
typically lasts 1-2 weeks. Eggs are laid in globular clusters attached to vegetation about 
10cm below the water's surface. Tadpoles emerge approximately three weeks after 
breeding, again depending on temperature. In Maine, larvae undergo metamorphosis 
between late May and early August (Hunter et al. 1999). After breeding, wood frogs 
return to terrestrial habitat where they spend the remainder of the year. 
Field Methods 
In the summer and fall of 2003 each vernal pool was completely encircled with a 
drift fence made of silt fencing. The fences were buried 8-10 cm below ground, and are 
11 
about 91 cm in height. They are positioned about 5 m from the high water mark to 
reduce the chance of flooding. Pitfall traps were constructed with #8 tin cans stacked two 
deep. Traps were buried flush with the ground surface on opposite sides of the fence at 
approximately 10 m intervals. The traps were deep enough to prevent escape by 
amphibians. To prevent desiccation, a sponge was placed in each trap to retain moisture. 
In extreme heat, or as necessary, water was added to traps. A compass bearing was taken 
from the center of each pool used to determine a directional bearing for each trap. 
My field seasons ran from early April through mid-November. I checked traps 
were checked daily from April through May, and every other day from June through 
November. For each individual captured, date, trap ID, species, sex, snout-vent length 
(SVL), age (adult, juvenile, or metamorph), and mass was recorded. Adults exiting the 
pool during breeding season, and metamorphs leaving the pools were marked with a toe 
clip. Toe clip patterns were based on the wetland where the amphibian was trapped. 
Metamorphs trapped on the outside of the fence were not placed on the inside of the 
fence to ensure that I would be able to distinguish them from individuals originating at 
that wetland. At the end of the season, I closed traps with lids and removed sections of 
fence so as not to impede movement of organisms. 
Data Analysis 
All calculations were conducted separately on each species. In addition, I used 
separate calculations for adult immigrants and emigrants of both species. For 
metamorphs, I made calculations only on emigrating individuals, as they are emerging for 
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the first time. This resulted in six species-by-age class-by-direction combinations (Table 
1). 
Table 1. This table depicts the species-by-age class-by-direction combinations for which 
all calculations were done. 
SPECIES AGE CLASS DIRECTION 
Ambystoma maculatum Adult Immigrating 
Ambysloma maculatum Adult Emigrating 
Ambystoma maculatum Metamorph Emigrating 
Lilhobates sylvaticus Adult Immigrating 
Liihobates sylvaticus Adult Emigrating 
Lithobales sylvaticus Metamorph Emigrating 
1 used nonparametric statistical analyses rather than circular statistics because my 
data violated the assumptions of the parametric circular tests (Batschelet, 1981). 
Preliminary analysis of capture totals showed that the orientation of amphibian 
movements was usually bi- or multi-modal, which violates the assumption of a Von 
Mises distribution (the normal equivalent for circular data) upon which parametric 
circular tests are based. 
To determine whether orientation to and from wetlands was non-uniform, I used 
the compass bearing for each trap along with total captures for each combination 
described in Table 1 at each wetland in each year to calculate the expected number of 
individuals at each trap given uniform movement. I conducted a separate chi-square 
goodness of fit test for each year at each pond for all six combinations described in Table 
1 to compare the observed totals to the expected totals in each trap. 1 used the Bonferoni 
adjustment for all chi-square analyses to avoid comparison-wise type I error. Rejection 
of the null hypothesis was interpreted as evidence of non-uniform orientation (i.e., 
significant orientation in one or more directions). For combinations with sample sizes 
13 
too small for chi-square test (less than 40 individuals total), I used the randomization test 
for goodness of fit. To determine whether movements were non-uniform over a several 
year period, I pooled the data by year for the six combinations described in Table 1 and 
performed the same set of calculations described above. 
To compare movements among all wetlands, I used the compass bearings and 
total captures in each year for the six combinations described in Table 1 at each wetland 
to calculate an observed number of individuals captured per compass degree. I made this 
calculation using the arc lengths on either side of each trap in order to take the uneven 
spacing of the traps into account. 1 then divided the circle into eight directional bins, one 
each centered on N, NE, E, SE, S, SW, W and NW (Table 2). I used the individuals per 
degree to then calculate the number of individuals observed in each bin. This also 
provided a slightly more intuitive interpretation of the data, as it separated movement into 
eight familiar cardinal directions (Figure 2). 
Table 2. Directional bins (and associated azimuths) used in evaluation of orientation of 
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As with the trap data, I conducted a separate chi-square goodness of fit test for 
each year at each pond for all six combinations described in Table 1 to compare the 
observed totals to expected totals in each bin. I did this to ensure that there were no 
differences between calculations based on data from traps versus calculations based on 
directional bins. I used the Bonferoni adjustment to avoid comparison-wise type I error. 
A rejection of the null hypothesis was again interpreted as evidence of non-uniform 
orientation (i.e., significant orientation in one or more directions). A significant chi-
square result only determined whether orientation was non-uniform, and did not indicate 
which directional bin contributed most significantly to this result (i.e., which direction the 
amphibians were orienting in). To determine which direction contributed most 
significantly to a significant chi-square result, 1 used the expected and observed values to 
calculate standardized residuals. A standardized residual ± two in a given directional bin 
indicated that that trap was a major contributor to the rejection of the null hypothesis. 
To compare movements among wetlands, I used the Pythagorean theorem, to 
calculate unit vectors to describe the mean X (East-West) and Y (North-South) 
movement at each wetland and year for each of the six combinations described in Table 
1. I conducted a multivariate analysis of variance (MANOVA) using the mean X and Y 
values to determine if there was a net directional movement among all wetlands. 1 used 
the Bonferoni adjustment to avoid comparison-wise type I error. A significant result 
would indicate an overall pattern in movement across all wetlands. I performed these 
calculations for each year, as well as on data pooled across the three years, to further 
explore the differences across wetlands. 
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To compare patterns of orientation between the two study species, I used a chi-
square test of heterogeneity for each wetland for both immigrating and emigrating adults. 
I used a 2 x 8 contingency table (where 2 = the number of species and 8 = the number of 
directional bins). I only performed this test for those combinations for which I had more 
than 40 individuals total for each species and wetland, and did not perform the test for the 
metamorph age class due to the variability of data from year to year and wetland to 
wetland. I used the Bonferoni adjustment to avoid comparison-wise type I error. 
I compared orientation among years, by performing a chi-square test of 
heterogeneity for each pond-by-species-by-direction combination using a 3 x 8 
contingency table (where 3 = the number of years and 8 = the number of directional 
bins). I only performed this calculation for those combinations for which I had more than 
40 individuals in each year. I did not perform this test for the metamorph age class due to 
the variability of the data from year to year. I used the Bonferoni adjustment to avoid 
comparison-wise type I error. 
To further explore the patterns of orientation, I used the method described by 
Timm et al. (2007) to calculate a relative "index of non-uniformity" as the mean across 
bins of the absolute difference between observed and expected percentage of captures. 
This index provides an intuitive interpretation of the magnitude of non-uniformity in 
capture distribution. The index was calculated for each wetland and year for each 
combination described in Table 1, as well as on data pooled across years. 
I used the index of non-uniformity to compare orientation across experimental 
buffer treatments. I used an analysis of variance (ANOVA) to test whether there was a 
difference in magnitude of non-uniformity of orientation among the three treatments (30-
17 
meter buffers, 100-meter buffers, and reference), and then performed a Tukey-Kramer 
posthoc test to determine which treatments were significantly different from the others. 
Lastly, I used the index to compare orientation of immigrating and emigrating 




I captured a total of 35,972 individuals over the three field seasons from 2004-
2006. This combined total consisted of 7,372 spotted salamanders comprised of 5,385 
adults and 1,987 metamorphs; and 25,134 wood frogs comprised of 8,467 adults and 
20,133 metamorphs. Refer to Table 3 for a summary of spotted salamander captures and 
Table 4 for a summary of wood frog captures. 
Orientation of Movements 
Immigration and emigration movements for both species in all years were 
consistently non-uniform. There were a total of 179 unique species-by-pond-by-year-by-
direction combinations, of which 151 had non-uniform distributions. Specifically, I found 
that 19/33 combinations were non-uniform for immigrating adult spotted salamanders, 
21/33 (significant at p<0.0015) for emigrating adult spotted salamanders, 16/19 
(significant at p<0.0026) for emigrating metamorph spotted salamanders, 28/33 for 
immigrating adult wood frogs, 30/33 (significant at p<0.0015) for emigrating adult wood 
frogs, and 19/28 (significant at p<0.0018) for emigrating metamorph wood frogs. This 
pattern was even stronger when capture data were pooled across all three years: 54/63 
species-by-pond-by-direction combinations had non-uniform distributions. For a 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The orientation of movements differed among years. There were 29 unique 
combinations of species, wetlands, and direction for which there were sufficient sample 
sizes, of which 25 had significant differences among years. This total included 4/5 
(significant at p<0.01) for immigrating adult spotted salamanders, 3/6 (significant at 
p<0.0083) for emigrating adult spotted salamanders, 10/10 (significant at p<0.005) for 
immigrating adult wood frogs and 4/8 (significant at p<0.0063) for emigrating adult 
wood frogs. Figures 3 and 4 illustrate the differences in direction of orientation among 
years at one wetland for both spotted salamanders and wood frogs, respectively (Table 7). 
I also found that though there was strong directionality for both species at individual 
wetlands, there was no congruence in the direction of orientation among all wetlands for 
either species. (Tables 8 and 9). 
Orientation of adults differed between species for most wetlands. There were a 
total of 22 unique pool-by-direction combinations, 20 of which had large enough sample 
sizes to perforin the chi-square analysis. Of those 20 combinations, 12 showed 








































































































































































































































































































































Table 7. Results of chi-square analysis to compare orientation patterns among all years. 
This analysis was only performed for those species-by-age class-by-direction 
combinations for which there were more than 40 individuals in each year (see Table 3). 
DF = degrees of freedom. 



































































































































































Table 8. Results of the MANOVA comparing directional orientation among all wetlands 
for Ambystoma maculatum. 
Immigrating Adults 2004 
2005 
2006 
Emigrating Adults 2004 
2005 
2006 

































Table 9. Results of the MANOVA comparing directional orientation among all wetlands 
for Litobates sylvaticus. 
Immigrating Adults 2004 
2005 
2006 
Emigrating Adults 2004 
2005 
2006 


































Table 10. Results of chi-square analysis to compare patterns of orientation between 
Lithobates sylvaticus and Ambystoma maculatum. This analysis was only performed for 
species-by-age class-by-direction combinations for which there were more than 40 
individuals total for each species and wetland. DF = degrees of freedom 































































































































Index of Non-uniformity 
The index of non-uniformity was calculated for each species, both immigrating 
and emigrating adults, and for emigrating metamorphs, at each wetland. The index 
values ranged from 2.23 to 10.27 (Table 11 and 12), with lower values indicating more 
uniform movement and higher values indicating a greater magnitude of non-uniformity 
(Figure 5). In almost all cases, treatment had no effect on the magnitude of non-
uniformity (Table 13 and 14). The only exception was emigrating adult wood frogs 
(p=0.0238). The Tukey-Kramer test revealed that the 30-meter and 100-meter treatments 
were significantly different from one another (Table 15). 
Directionality was less uniform for both species during emigration than 
immigration. The index of non-uniformity was significantly different between 
immigrating and emigrating adults for both spotted salamanders (d.f.=T0, t =-2.99, 
p=0.0137) and wood frogs (d.f.=10, t =-4.70, p=0.0008) (Figure 6). 
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Table 11. Summary of index of non-uniformity by treatment for Ambystoma maculatum. 



































































Table 12. Summary of index of non-uniformity by treatment for Lithobates sylvaticus. 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 6. Bar graph showing results of paired t-test between emigrating and immigrating 
adults for both Ambystoma maculatum and Lithobates sylvaticus. The bars represent the 
mean index of non-uniformity. Error bars show 95% confidence interval of the mean. 
For spotted salamanders the degrees of freedom (DF) =10, t =-2.99, p=0.0137, and for 
wood frogs DF-10, t =-4.70, p=0.0008. 
Paired t-test of Emigrating vs. Immigrating Adults 
Direction 
r j Emigrating 
H Immigrating 
Ambystoma maculatum Lithobates sylvaticus 
Species 




The complexity and variability of vernal pool ecosystems prove a challenge to 
land managers and conservationists alike. The amphibian species that utilize vernal pools 
rely not only on the wetlands themselves, but on the upland habitats that surround them. 
It was my goal in this study to determine whether the amphibian species that rely on 
vernal pools exhibit non-uniform orientation in an industrial forest landscape. Being able 
to predict the direction of movement towards and away from vernal pools has significant 
management implications. Current BMPs only recommend the protection of a small, 
forested buffer immediately surrounding the vernal pool, but if amphibians orient in 
specific and predictable directions, the use of corridors may be a more effective 
management strategy for the protection of upland habitats and the overall conservation of 
these amphibian species. 
I found amphibian that orientation was non-uniform for both adult and 
metamorph wood frogs and spotted salamanders immigrating to and emigrating from 
vernal pools, but these movements varied among years, among wetlands, and between 
species. That is, these movements, though concentrated in one or more specific 
directions, were not predictable and cannot be used to dictate management decisions 
within this industrial forest landscape without further understanding of amphibian 
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movements and upland habitat use. However, these results do suggest patterns in 
amphibian orientation that warrant further exploration. 
Orientation was significantly non-uniform a majority of the time for both species 
at all wetlands in all years. This result suggests at least two explanations for amphibian 
orientation within this landscape. First, in a given year at a given wetland, individual 
amphibians of each species are independently orienting using similar cues, whether 
physiological or environmental or a combination. The second explanation is that these 
species are using some trailing behavior, for example using a pheromone trail to "follow" 
one another as they immigrate to and emigrate from the wetlands. 
Many studies have documented non-uniform orientation of amphibians (Shoop 
1965, Dodd and Cade 1997, Patrick et al. 2007, deMaynadier et al. 1998, Vasconcelos 
and Calhoun 2004, Walston 2008). Some of these studies have considered only one year 
of data (Shoop 1965, Patrick et al. 2007). Others, while considering several years of data, 
have been conducted in landscapes in which favorable habitat is limited with amphibians 
showing significant orientation in the direction of favorable habitat (Demaynadier et al. 
1998, Vasconcelos and Calhoun 2004, Walston 2008). A few studies have been 
conducted over multiple years at sites with relatively undisturbed landscapes (Timm et al. 
2007, Jenkins et al 2006). Many studies also only explored the movements of only one 
species (Shoop 1965, Patrick et al. 2007, Jenkins et al. 2006). My study is unique in that 
I investigated the orientation of two vernal pool amphibian species over a several-year 
period, in a heavily managed, industrial forest landscape where habitat alteration, though 
substantial, is not permanent. 
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In my study, directional orientation differed among years at the majority of 
wetlands for both species. Those few instances where there was no statistically 
significant difference in orientation among years tended to occur in those wetlands where 
sample sizes were low in all years, and therefore had low power to detect directionality. 
This result strengthens the value of using several years of data when investigating the 
orientation of amphibian movements, specifically when the results of the study may 
mediate management strategies. Had I sampled for only one year, I would have found 
significant non-uniform orientation, but would not have known that the direction of 
orientation would change from year to year. The variation in direction of orientation 
among years in this study suggests that suitable habitat is not limited in this landscape. 
Timm et al. (2007) also found year-to-year variation when comparing amphibian 
orientation among several years in a relatively unaltered landscape. This result also 
points to the complexity of amphibian orientation, suggesting that wood frogs and spotted 
salamanders are likely using a complex combination of physiological and environmental 
cues to orient to and from breeding sites. 
Directional orientation also differed when compared among all 11 study sites. 
My study sites were located relatively far from one another, with distance between 
wetlands ranging from approximately 0.5-18 miles, and are likely functioning 
independently from one another, with amphibians cueing into different local features of 
the upland habitats. While the use of physiological cues for amphibian orientation has 
been well documented (Phillips 1986, McGregor and Teska 1989, Grant et al. 1968, 
Hershey and Forester 1980, Ferguson et al 1967, Fischer et al. 2001, Phillips et al. 2002, 
Taylor and Adler 1973), the variability of my data across wetlands suggests that 
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amphibians are not relying solely on these cues for orientation to and from breeding sites. 
For example, if wood frogs were only using magnetic compass orientation, I would 
expect to find that wood frogs were orienting in similar directions at all 11 study sites. 
Again, this further exemplifies the complexity of cues likely used for orientation by 
amphibians. 
Although both wood frogs and spotted salamanders demonstrated strong 
directionality, these directions differed between the two species. Again, this result has 
important management implications. Data from one species cannot inform the 
management of others. It also strengthens the case that corridors would not be an 
effective management strategy in this landscape. Timm et al. (2007), found similar 
results when comparing the direction of orientation between wood frogs, spotted 
salamangers, marbled salamanders (Ambystoma opacum), and eastern red-spotted newt 
(Notophthalmus viridescens) at 14 vernal pools in Western Massachusetts with 
orientation varying among all species. Wood frogs and spotted salamanders are known to 
utilize different post-breeding habitats. Wood frogs have been shown to be associated 
with small wetlands, wet seeps and drainages during summer months (Heatwole 1961, 
Bellis 1965, Rittenhouse 2007), whereas spotted salamanders, which are semi-fossorial, 
rely heavily on rodent tunnels (Faccio 2003). It is worth noting that overwintering 
habitat requirements also differ between the two species as spotted salamanders cannot 
tolerate below-freezing temperatures, and must spend the winter far enough below 
ground in order to survive. Wood frogs, conversely, are freeze-tolerant and overwinter 
under leaf litter or in shallow burrows (Schmid 1982, DeGraaf and Yamasaki 2001). 
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This may lead the two species to utilize different parts of the forest for overwintering 
habitat. 
To further examine the patterns of amphibian orientation, I calculated an "index 
of non-uniformity" to describe the magnitude of non-uniformity found at each wetland. 
This also allowed me to compare among the three buffer treatments, and between 
immigrating and emigrating adults. I expected to find increased directionality (less 
uniform movements) at the 30-meter buffer treatment wetlands, as the amount of suitable 
habitat would be diminished in close proximity to the wetland. I found no treatment 
effect for either species, except for emigrating adult wood frogs. There was a significant 
difference between the 30-meter and 100-meter buffer treatments for adult wood frogs, 
with a higher mean index of non-uniformity at the 30-meter buffer treatment. This 
suggests that wood frogs exiting 30-meter treatment wetlands may encounter fewer 
suitable post-breeding habitats and therefore show decreased uniformity as they orient 
towards the few remaining suitable habitats. 
For both species, the magnitude of non-uniformity differed significantly between 
immigrating and emigrating adults. That is, movements of adults immigrating towards 
the wetlands were consistently more uniform than movements of adults emigrating away 
from wetlands. To the best of my knowledge, no other study has compared the 
movements of immigrating and emigrating amphibians in this way. This result speaks to 
the differences between over-wintering and post-breeding habitats for both species, as 
described previously. It may also indicate that amphibians use different cues to mediate 
their orientation movements before and after breeding. 
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This result also suggests that over-wintering habitats are not a limiting factor in 
this landscape. Previous studies have shown that both wood frogs and spotted 
salamanders will orient towards favorable habitat when the availability of such habitats is 
low (Demaynadier et al. 1998, Vasconcelos 2004, Walston 2008). Conversely, when the 
favorable habitat is abundant, others have found that though movements are non-uniform, 
they are directionally variable and difficult to predict (Shoop 1965, Timm et al. 2007). I 
would then expect that if favorable habitat were limited, the index of non-uniformity 
would be higher, as the amphibians would have movements directed towards remaining 
favorable habitats. Therefore, the difference in indices of non-uniformity between 
immigrating and emigrating adults may indicate that suitable overwintering habitats are 
more abundant in this landscape than post-breeding habitats. 
Conclusions 
Previous studies have demonstrated a conflicting number of different cues that 
may mediate amphibian orientation. The use of direct cues, such as olfactory detection of 
breeding wetlands, has been demonstrated for Ambystoma maculatum (McGregor and 
Teska 1989) and other species (Grant et al. 1968, Hershey and Forester 1980). The use 
of indirect cues such as sun-compass orientation (Ferguson et al 1966, 1967), detection of 
magnetic fields (Phillips 1986, Fischer et al. 2001, Phillips et al. 2002), and the potential 
to use plane polarized light (Taylor and Adler 1973) have also been demonstrated in a 
wide variety of amphibian species. Patrick et al. (2007) showed that wood frog tadpoles 
taken from a pool where emerging metamorphs are known to travel northeast, towards 
favorable habitat, still orient towards the northeast when emerging from artificial pools. 
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This result suggests that wood frog metamorphs are relying on indirect cues for 
orientation; however, it is important to note that these tadpoles were taken from a wetland 
where suitable habitat surrounding the wetland was limited. 
The landscape surrounding my study sites, though impacted by anthropogenic 
land use, still retains an overall abundance of suitable habitat. My study sites were 
located within a nearly 300,000-acre block of forest managed almost exclusively for 
timber with little other development. While the effects of timber management have been 
shown to be detrimental to amphibians in certain cases (deMaynadier and Hunter 1998; 
Petranka et al. 1993; Chazal and Niewiarski 1998; Semlitsch 2003), it is important to note 
that these effects are temporary. Morris and Marnet (2005) found no difference in the 
distribution of salamanders between mature forest and 11-12 year old clearcuts. It is 
likely that the cues amphibians rely on for orientation to and from breeding wetlands 
changes with the abundance of suitable habitat surrounding the wetland. 
Vernal pools ecosystems are extraordinarily complex and dynamic, as they can 
show significant variation in hydroperiod, species richness, breeding adult abundance, 
and reproductive success (Berven 1990, Semlitsch et al. 1996, Babbitt 2005). These 
variations occur not only from wetland to wetland but can occur from year to year at one 
wetland. The results of my study further illustrate the highly variable nature of vernal 
pool ecosystems. 1 found no predictable patterns of orientation at either the landscape or 
the local scale. I determined that orientation varied across wetlands, years, treatments, 
and between species. There were also differences in orientation between immigrating 
and emigrating adults. Further research is needed to determine what local environmental 
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and microhabitat cues amphibians are using for orientation in systems where there is an 
abundance of suitable habitat. 
It was my aim to use the results of this study to determine whether the use of 
corridors in addition to or as an alternative to buffers would be a valid management 
strategy for the upland habitats surrounding these pools. My results suggest that in a 
landscape where antliropogenic land use does not permanently alter habitat (such as 
clearcuts), and suitable habitat is abundant surrounding the altered forest, the direction of 
orientation, though non-uniform, is highly variable and therefore not predictable. As 
such, corridors do not offer a practical strategy for managing in these ecosystems. It is 
worth noting that in systems where other, more permanent types of anthropogenic land 
use such as agriculture and development, are prominent, corridors may provide safer 
travel to the remaining suitable habitats. Buffers, which help to protect the forest 
immediately surrounding the pool and maintain the overall integrity of the wetland itself, 
may be the best approach until we have a more complete understanding of the use of 
upland habitats by these amphibian species. 
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